The objective of this paper is to briefly review house allocation problems. We first give the definition and the aim of the mechanism design theory. Next we discuss its applications to markets with no monetary transfer, such as house allocation, kidney exchange and school choice. We review the literature for (i) house allocation problems, (ii) house allocation problems with existing tenants, and (iii) house allocation problems with existing tenants and newcomers.
INTRODUCTION
Mechanism design has witnessed considerable interest among researchers especially the last three decades.
Numerous articles have been published about the theory of mechanism design and its applications to many fields such as economics, business, finance, computer science, political science, or psychology. In fact, 2007 Nobel Prize in economic sciences was awarded to Leonid Hurwicz, Eric Maskin, and Roger Myerson for their contributions to the theory of mechanism design and 2012 Nobel Prize was awarded to Alvin E. Roth and Lloyd S. Shapley for their contributions to the theory of stable allocations and the practice of market design.
Mechanism design is a subfield of microeconomics and game theory. It is the design of mechanisms or institutions to achieve desired outcomes in strategic settings. Game Theory also deals with strategic interactions among the agents. The difference is that while game theory concerns predicting the outcomes of the strategic interactions, mechanism design concerns designing the games or systems to achieve the desired outcomes.
Mechanism design is employed in case of a strategic interaction among individuals who possess private information relevant for decision making. Individuals behave strategically and are affected either positively or negatively by the decisions of the others. Therefore, the objective is to design a mechanism in which individuals behave in a self-interested manner and do not have any incentive to misrepresent their true private information so that desired outcome is achieved at the end of the game.
The first contributions of this field are Hurwicz (1960) and Hurwicz (1972) . They introduced the idea of "incentive compatibility" to the literature. A mechanism is incentive compatible if each individual can achieve his/her best outcome by declaring his/her true preferences. When there is asymmetric information in a strategic setting, then incentive compatibility is a crucial concept. Another important concept for mechanism design is "revelation principle" which states that to find the best mechanism there is no loss of generality if we focus on only the set direct mechanisms satisfying incentive compatibility. Dasgupta et al. (1979) and Myerson (1979) introduce this principle and later it is developed by Myerson (1982; 1986) and Myerson and Satterthwaite (1983) .
Later on, mechanism design became the root of many applications of economics. In this paper, we will only consider a subset of these and focus on markets in which monetary compensations are not possible because of legal and ethical considerations. We provide a brief survey of the mechanism designs concerning the following markets:
(i) house allocation, (ii) house allocation with existing tenants, and (iii) house allocation with existing tenants and newcomers.
The reminder of the paper is organized as follows. Section 2 introduces and reviews important contributions for house allocation models. In Section 3, we review house allocation problems with existing tenants and in Section 4, we review papers which also allow newcomers.
HOUSE ALLOCATION MODELS
House allocation problems are introduced by Hylland and Zeckhauser (1979) . Briefly, a house allocation problem is a triple; a set of houses, a group of agents, and their strict preferences over houses. There is a central planner who collects preference information from agents and then depending on the preferences, assigns each agent a house. Therefore, the outcome of a house allocation problem is a matching which is a one-to-one and onto function from the set of agents to the set of houses. A mechanism assigns a matching to each house allocation problem.
There are many real life applications of this model, for example, allocation of dormitory rooms to students, allocation of offices or parking space among workers and assigning students to schools. In all these applications, agents have preferences over the houses (dorm rooms, schools, etc.) and monetary transformations are not possible.
The most common mechanism for these problems is random serial dictatorship. This mechanism randomly chooses an order of agents. The first agent is matched with his most preferred house, and then second agent is matched with his most preferred house among the remaining houses and so on. This mechanism is used in many real life applications; allocation of offices or parking space among professors, NYC school choice system, Harvard housing allocation system.
Random serial dictatorship mechanism satisfies many desirable properties. First of all, it is very easy to implement. In addition, Svensson (1994) shows that it satisfies Pareto efficiency and strategy proofness. Thus, if this mechanism is used in the allocation, agents do not have any incentive to misrepresent their true preferences and there is no other mechanism which makes each agent better off without making someone worse off. The problem is that Random serial dictatorship is not the only mechanism that satisfies Pareto efficiency and strategy proofness.
However, Abdulkadiroğlu and Sönmez (1998) show that for any Pareto-efficient matching of a given problem, there exists a serial dictatorship that achieves this matching. Also, Svensson (1999) shows that random serial dictatorship mechanism is the only mechanism that is strategy proof, nonbossy and neutral. A mechanism is neutral if an agent can change the outcome of the mechanism only if he can change the allocation for himself at the same time. A mechanism is neutral if the outcome is independent of the names of the agents. 
HOUSE ALLOCATION MODELS WITH EXISTING TENANTS
There are some extensions of the house allocation problems. One of the problems with the simple house allocation model is that it does not consider the case where each agent already owns a house. House allocation model with existing tenants, simply housing market has been introduced to the literature by Shapley and Scarf (1974) . This model is actually an exchange market and agents can change their house to get better ones or they can continue to keep them. They show that there exists a core matching for any housing market. In addition, Roth and Postlewaite (1977) prove that the matching produced by Gale's Top Trading Cycle mechanism is the unique core matching. Thus, they show that this mechanism coincides with the competitive mechanism. According to this mechanism, in the first step, each agent points to his most preferred house and each house points to its initial owner.
Then, all the cycles are removed by assigning each agent in the cycle the house he points to. If there is at least one agent and one house, we continue with the next step. A detailed discussion of Gale's Top Trading Cycle mechanism is provided by Gale and Shapley (1962) . Roth (1982) shows that Gale's Top Trading Cycle mechanism is strategy proof. Another characterization of this mechanism is by Ma (1994) who shows that it is the only mechanism satisfying strategy proofness, Pareto efficiency and individual rationality. Jaramillo and Manjunath (2012) extend this result by allowing indifferences between the houses. In their model, the agents may not have strict preferences over the houses, so some of the agents can be indifferent between the houses. They show that each mechanism in the family of Top Cycle Rules, which are the generalization of Gale's Top Trading Cycle mechanism, satisfies Pareto efficiency and strategy proofness and it chooses a matching from the Core.
Abdulkadiroğlu and Sönmez (1998) relate house allocation models with housing markets. They propose core from random endowments mechanism which chooses a random endowment matching for a given house allocation problem and then chooses the core of the induced housing market. They show that this mechanism is equivalent to random serial dictatorship mechanism of the house allocation models. Abdulkadiroğlu and Sönmez (1999) is a generalized model of both the house allocation problems and the housing market. Some of agents are existing tenants and some of them are newcomers. In addition to occupied houses, there are also some vacant houses. Each agent has strict preferences over the houses. When all agents are existing tenants and when there is no vacant house, the model reduces to the housing market. If all the agents are newcomers, then the model reduces to the house allocation problems.
HOUSE ALLOCATION MODELS WITH EXISTING TENANTS AND NEWCOMERS
In most of the real life applications, agents have to move from their house before assigning a new house.
However, there is no guarantee for getting a better house, so they prefer not to change their house. In fact, in that case, the matching induced by random serial dictatorship mechanism may not be Pareto efficient. Therefore, they allow existing tenants to stay in their house and at the same time, to participate in the matching. They propose a class of mechanisms which guarantee a house which is at least as good as their own house to the existing tenants. Top trading cycles mechanism first chooses a priority ordering for the agents. The agent with the top priority gets his most preferred house and then the second agent gets his most preferred house among the remaining houses. This continues until one agent wants to get a house of an existing tenant. If that existing tenant has already assigned a house, they proceed the assignment to next agent. Otherwise, the existing tenant becomes the top of priority order and the algorithm continues. If there is cycle in some step, then the cycle is removed by letting agents exchange their house. Top trading cycle mechanism reduces to the random serial dictatorship mechanism when all the agents are newcomers and to the Gale's top trading cycle mechanism when all agents are existing tenants and there is no vacant house. Abdulkadiroğlu and Sönmez (1999) show that this mechanism is individually rational, Pareto efficient, and strategy proof. Individual rationality is important here because it guarantees the existing tenants a house which is at least as good as their own house. In addition, they show that it is the only mechanism satisfying these desirable properties as well as weak neutrality and consistency when the population is variable. However, their top trading cycle mechanism is not only mechanism that satisfies those properties. Sönmez and Ünver (2010) fully characterize this mechanism which is also named as You Request My House-I Get Your Turn mechanism. They show that it is the unique mechanism that satisfies individual rationality, Pareto efficiency, strategy proofness, and also weak neutrality and consistency. A mechanism is weak neutral if the names or labels of the vacant houses cannot change the induced matching. Consistency is about variable population. If some of the agents leave the market with their assigned houses, this property relates the matching induced in the initial problem to the one induced after the departure of those agents. Kurino (2014) introduces a dynamic model of house allocation problems. The idea behind the dynamic model is that a newcomer agent becomes an existing tenant next year. He introduces a seniority based dynamic rule by using the static serial dictatorship and top trading cycle rules and he shows that it satisfies dynamic Pareto efficiency and incentive compatibility.
CONCLUSION
In this paper, we reviewed some important contributions of mechanism design for the house allocation problems in the literature. There are many real life applications of these problems including the assignment of dorm rooms to students, offices to professors, public houses to agents or parking spaces to workers. Several approaches to these problems exist in the literature. The first part of the present article focused on house allocation problems in which agents do not have any endowment. The second section reviewed the applications which include settings with existing tenants. Finally, we considered a more general domain in which there are vacant houses, existing tenants and also newcomers.
